Rottier (11) have presented quantitative data on energy requirements for erythenia production by different parts of the spectrum. In each instance less energy was required at shorter wavelengths of 250-260 mt than at longer wavelengths. Both Rottier and Magnus observed erythema at 280 mt with doses comparable to those effective at adjacent wavelengths. In 1965 Everett, Olsen and Sayre (12) , using a xenon arc grating monochromator, found that, in contrast to the "standard," 250 mt was the most effective wavelengths and that 280 mt was just as effective as adjacent wavelengths. They stated that their results agreed with other quantitative data on erythema energy (Fig.2) .
Knowledge of energy requirements for producing erythema at different wavelengths is essential to further understanding of light injury. Since sunlight is the major source of light injury in man, greatest interest is in the erySupported by NIH Grant No. CA-AM 08408 and Fondren Foundation-Dermatology, 51952.
Presented at the Twenty-seventh Annual Meeting of the Society for Investigative Dermatology, thema-producing ability of the sun's rays at the earth's surface, those longer than 290 rn/h in wavelength.
Using a high intensity xenon arc grating monochromator, we have extended previous observations on erythema production and have compared these energy requirements with the available data on solar radiation intensity. In this way the erythemal effectiveness of ultraviolet in sunlight has been determined for human skin and for albino rabbit skin.
METHODS
Skin of the lower abdomen of human subjects and of albino rabbits was exposed to serially increasing amounts of ultraviolet emitted from a high pressure xenon arc grating monochromator. The minimal erythemal dose (M.E.D.), the smallest amount of energy that would produce a barely perceptible erythema within 24 hours, was determined. The human volunteers were adult males who did not have known photosensitivity and who had lightly pigmented skin on the lower abdomen which had not been recently exposed to sunlight nor altered by skin disease. Male and female adult albino rabbits were depilated* 24 hours before being irradiated while under barbital anesthesia. The irradiated sites were examined for erythema at 24 hours. Sites exposed to shorter wavelengths were examined at 8 and 24 hours, according to the data of Everett (13).
The energy values required to produce erythema were determined on human and albino rabbit skin for wavelengths between 220 and 330 m/z at intervals of 10 m. At least 100 determinations were made at each point between 250 and 318 m. Fewer endpoints were obtained above and below these points because of the inefficiency of these wavelengths and the time required to find an endpoint. These energy values are represented in Figures 3 and 4 by the mean values and 1 standard deviation. In order to fix more precisely the erythema-producing capabilities of the wavelengths in sunlight (above 290 m/z) the M.E.D. was determined at 2 m intervals from 290-320 m in both humans and albino rabbits.
The M.E.D. was not significantly altered when infra-red energy was applied immediately before * Surgex depilatory, Crookes-Barnes Laboratories, Inc., Wayne, N. J.
or after ultraviolet exposure. A G.E. 250-watt infra-red lamp was used 12 inches from the skin surface for a time sufficient to produce a 10°F.
rise in skin temperature.
Monochromatic Light Source The light source used in these experiments is a high pressure xenon arc grating monochromator consisting of three Bausch & Lomb monochromator units with their outputs superimposed on a test site 1.1 cm in diameter (14) . In each monochromator a 150-watt xenon arc light source is housed in a standard housing attached to a ting. An erythema can be produced in human skin with 4-6 seconds of exposure to effective wavelengths.
RESULTS
The major erythema-producing capability of ultraviolet was found in the range of 250-310 m (Figs. 3, 4) . Much more energy was required above and below this range to produce crythema. The least energy was required at 260 Energy requirements rapidly increased for wavelengths longer than 300 mt. It took approximately ten times as much energy to produce erythema at 310 m than at 300 and 100 times as much energy to produce erythema at 320 m than at 300. Erythema did not occur at 330 m even with massive amounts of energy (over 10,000 mW. sec/em2). When energy values were plotted against wavelength (Figs.  3, 4) , the shape of the curve was identical for albino rabbit skin and for human skin, although at each wavelength less energy was required to produce erythema in rabbit skin.
A curve illustrating the effectiveness of erythema production-the erythemal action spectrum or "standard" erythemal curve-is taken as a reciprocal of the energy values required to produce erythema. These reciprocal erythema Similarities to the standard erythema curve were also observed in that one peak of effectiveness occurred between 290 and 300 mj and a definite though slight drop in effectiveness occurred at 280 m.
While it is of interest to determine the erythema-producing capabilities of the entire spectrum, we are mainly interested in that porFio. 13. Product curve for albino rabbit skin.
tion of the spectrum in sunlight. This is the main source of electromagnetic wave energy in our natural environment and the major cause of medical problems.
By application of an equation in which the reciprocal of energy values is multiplied by the values for solar ultraviolet radiation, a product curve has been derived which allows additional observations on solar erythema production. Although the most effective erythema-producing wavelengths are at 250 mt, virtually no solar ultraviolet radiation shorter than 295 m reaches the earth's surface even with the sun at zenith and with an air mass of 1. Thus these shorter wavelengths do not contribute to solar erythema.
Using the conditions Moon (13) described as standard conditions representative for the United States, the product curves illustrate that peak erythema production actually occurs with much longer wavelengths-those in the range of 302 to 310 m. Furthermore, as the air mass increases, the total intensity decreases, shorter wavelengths are eliminated, and the peak effectiveness shifts slightly toward longer wavelengths. This can be seen by comparing curves form -1,2, and 3. Atm = 1 the peak efficiency is at 305 m; m = 2 at 306 mi; and m = 3 at 308 m.
With an air mass of 2, as in Figs. 12 and 13 , the very inefficient erythema-producing wavelengths at 320 m actually account for as much solar erythema as the very efficient wavelengths at 310 mj. In the same manner, wavelengths at 316 m are equal to 302 mi in effectiveness.
Another observation is that as the air mass increases, as it does in northern latitudes and in the early morning and late afternoon, longer wavelengths assume a proportionately greater role in solar erythema production. When m = 1, the wavelengths longer than 314 mi account for only 10 per cent of the erythema effect. Conversely, when m = 3, wavelengths longer than 314 mj.t account for 34 per cent of the erythema production while those between 304 and 310 mi account for 66 per cent, and none below 304 mi. Results of calculations using this formula for minimal erythemal time are very close to the minimal erythema time determined from experiments using natural sunlight.
SUMMARY
A high intensity grating monochromator was used to determine erythema-producing effectiveness of ultraviolet on untanned human abdominal skin and albino rabbit skin. Greatest efficiency was observed at 250-260 mp. with a second peak at 292 m, a slight drop at 280 m, and a rapid decrease at 240 and at 310 mp..
A product curve was derived by multiplying the reciprocal of erythema energy values by the values for solar radiation under specific atmospheric conditions. This curve demonstrates that maximum solar erythema production occurs at 305-308 m and that longer wavelengths, though inefficient, account for a significant proportion of solar erythema because of the great amount of energy in sunlight at these wavelengths.
Wavelengths shorter than 294 do not contribute to solar erythema.
